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1st Part of Report No. AAEE/866 /5.-7-
9th May, 1966

AEROPLANE AND AR.AivO'T EXPERIi-AENTAL ESTABLISHMET
BOSOOiE DOM

* . toihIFGAI 010 R. E. Griffiths

A. & A.E.E. Ref:- ANR 2J/05 T.I. No. 15765
H.Q. Ref:- D.R.A.F.(C) D.A. Nav. D.L.R.D.A.
Period of Trials:- 14th September 1965 - 26th November 1965

.C.A. release trials were carried out in Shackleton ihk. 2 Phase 3 'AG 556.
Trials flying totalled 32 hours 55 minutes in 12 sortias.-

'Tei,.perate release is -reco ended-for the use of the navigation and radio
equipment subject to the-rGsevations contained in this report. Installations
remaining unchangd from the Phase 2 ,.k. 2 Sh-ckleton are cleared by analogy to
that nirc-ft. ---

je~ pr hibitad by, iA

This report is issued with the authority of

• Commandant A. & A.E.E.
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1, Introdution

Trials of the navigation and radio fit of the Mark 2 Phase 3
Shackleton were conducted at A. & A.E.E. in the period from 14th September
1965 to 26th November 1965 under the authority of M.O.A.(H.Q.)D/R.A.F.(C).
These trials were undertaken in accordance with Navigation and Radio Test Instruc-

tion NR 15/65 dated 9th April 1965 and were carried out on Shackleton ,Q 556.
Investigations were conducted into the behaviour of the following equipment:

1.1 Communication

HJ. STR 18 B2 (ARI 5874)
Intercomm (ARI 19089)
M.F./I.F. Receiver AD 118 (ARI 23126)
U.H.F. ARC 52 (ARI 18124)
V.H.F. AD 160 (ARI 23117/2)

1.2 Naviafl

Radio Compass AD 712 (ARI 23084)

Gee mk, 3 (ARI 5816)
I.L.S. (ARI 18011)
Tacan (ARI 18107)
Radio Altimeter L:1k. 5A (ARI 18215)
Blue Silk (ARI 5885)

1.3 Tactical

ASV Uk. 21 (ARI 5878)
IJ.F. Wc. 10 (s.I.F.) (ARI 5848)
Orange Harvest (ARI 18144)
Sarah (ARI 5876)
Twin Sonobuoy W4k, IC and Homer (ARIs 18209,18101,18157)
U.H.F. Homer, Violet Picture (ARI 18120)
Tactical Position Indicator
Autolycus Mik, 3A

1.4 Headino Reference System

-G;A. 7 Gyro biagnotic Copass
P.12 Stondby Cowpiss

2. PreviouM Trials and Reports

2.1 The navigation and r3dio assessments of the earlier versions of the

Shackletan bk. 2 re reported in the 8th, 32nd and 33rd Parts of AAES/866/I . T:..

Phase 3 modeznisation of the Mark 3, which is essentially the saeo as that for the

mark 2 w-s reported in 1st P-'rt of AAEE/866/4.

2.2 An interim letter report on the present trials was issued under

reference M4R 2/05 dated 6th December 1965.

2.3 A further report reconaending the tropical release limitations will

be issued later.

-3.
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3. Trials Exverience and Results

3.1 Trials Effort

Shackleton 1/k. 2 VJG 556 was allocated to A. & A.E.E. for navigation and
radio terperate C.A. release trials during the period from 14th September 1965
to 3rd December 1965. During this time both air and ground investigations of
the behaviour of the equipment listed in parn. 1 were c-rried out. The total
flying effort for the trial was 12 sorties consisting of 32 hours and 55
minutes flying time. The final sortie was flown on the 26th of Novermber 1965.

4. Cofmunication Eauipments

491 H.F. STR 18 B2

The installation is unchanged from the Phase 2 fit and release is
recommehded by analogy. The equipment was used frequently and successfully
throughout the period of the trials.

4.2 Intercomm

The intercommudication equipment is the same as in the Mark 3 Phase 3
aircraft and release is recommended by analogy to the latter. Some break-
through is experienced frdm v~rious rndio channels and from electrical sources
(see Appendix II) but none of this is serious. Noise levels on -W3 556 were, in
fact, less than those experienced on the iark 3 trials aircraft.

4.3 M.F./-.F. Receiver AD 11-8

4.3.1 This installation is the same as in the. i-iark 3 Phase 3 aircraft
and the one small criticism concernin. lack of internal illumination of the
frequency range changer still applies. Otherwise the installation is adequate.
The receiver can be connected to either thQ trailing aerial or one of the fixed
3erials (see Appendix I concerning criticism of the trziling aerial).

4.3.2 tMi.F. performance was continuously tested during the flight
trials. Numerous frequencies were tried and rnnges of 2 to 3 teos the rated
range of various ground beacons were achieved. H.F. performnnce was similarly
tested. Loud and clear signals ;,ere received at ranges up to 900 n.m.
Occasionally identifiable signals were picked up at ranges of 1,800 nautical
miles (e.g. Nicosia from Northern Ireland). The interference from Blue Silk
referred to in Appendtx II badly affected reception of weak signals.

4.3.3 C.A. release is recommended for the ,i.F.A.F. receiver.

4.4 U.H.F. ARC 52 and U.H.F. Homer. Violet Picture

These equipments -ire unchnnged from tne Phase 2 fit and relense is
recommended by analogy. The ARC 52 was in continuous use throughout the trill
and no abnormalities vere observed.

/4.5 ...
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4.5 JMAQ 160

The installation is physically 3dequate but the aerial radiation
patterns (see Figures 2 - 6 ) are outside the specification, RAE/ACSP 3247,
in that there isan 11 dB drop in signal strength over 10 degree sectors at 150
degrees and 170 degrees relative. However range checks in this area of doubt
were carried out and near maximum possible line of sight ranges were achieved.
The EA;v 35 amplifier in the Q.22 interconnecting box was adjusted so that its
output power was 200 niW. This proved to be a satisfactory level as in the hMark
3 Phase 3 trials. (See 1st Part' of Report AAEE/866/4 Appendix IV). C.A. release
ks recomnmended for the V.H.F. AD 160.

5. NaLvation Bauipments

5.1 Radio Compass AD 712

5.1.1 The installation is the same as in the Mark 3 and the same
reservations are mads about it. Firstly the restriction of air space around
the receiver M2 is suspected of being a contributory cause of overheatingo
8Soondly the navigator's control unit is poorly positioned (see para. 9.5).

5.1.2 Ground swings of the radio compass were carried out against the
Droitwich (200 Kc/s.) and Broom s Park (908 Ko/s.) beacons. The quadrantal
error correction was found to be -2 degrees as in the Mark 3 trials. The
.results are shown in Figures 13 and U the QoE.C. was set ino

51.*3 C.A. release is reoommended for the radio compass.

5.1! Goo Mk. 3

Gee 3 was used on all sorties during the trial. No difficulties were
experienced in receiving usable signals in the area of coverage and no excessive
interference was encountered. C.A. release is recommended.

The I.L.S. Installation is unchanged from the Phase 2 aircraft and
CoA. release is recommended by analogy.

5.4 LorLA L

Checks were carried out on channels ILO, ILl, and IL6 in the area north
of Ireland. Usable signals were received on all three channels. Some inter-
ference arose from the STR 18 and the AoS.V.21 but fixing accuracy was not
degraded. C.A. release is recommended.

The Tacan installation is basically unchanged from the Phase 2 fit.
It was used frequently during the trials period. Range and overhead perfor-
aance checks were carried out against a number of beacons. The range checks
showed that near maximum line of sight ranges were possible, eg. loss of lock
on Boscombe Down beacon at 10,000 feet at 118 nautical miles. Overhead
perfozmance checks against Sennen and Boscombe Down beocons showed a circle
of uncertainty of 3 miles at 10,000 feet. C.A. release is recommended.

/5.6 ...
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5.6 RAJdo Altimeter iik, 5A

The installation of theltransinitter/receiver nnd power unit is
adequate. The aerials are in the same position relative to the fuselige as in
the Mark 3 aircraft (see Figure 1) but the tail down attitude of the Miark 2
introduces unsatisfactory features. This might be expected in view of the
recommendation in Radio Install7tion iiemorandum 115 that the aerials should be
plnced as high as possible on the aircraft. Spurious readings occur on the
instrument whilst on the ground and for the first few feet after t.ke-off.
Therefore it is recommended that the radio altimeter readings are not used below
50 feet and that the zero control on the indicator be set to 7 feet regardless
of the reidings observed on the ground whilst the equipment is switched op.

5.6.1 Calibration

The accuracy of the equipment was ascertained by calibration
runs against the kinetheodolites at R.A.E. Aberporth and by sea-to-land runs
near Burnham-on-Sei. The results of the Aberporth trials in the height bracket
100-5,000 feet are shown in Figure 11 and the sei-to-land results are in Figure
12. From the results the overall nccuricy over land and sea is within the limits
± 3' of height ± 5 feet.

5.62 Aerial Leakaae

The aerial cross-coupling attenuation was measured by simulating
a leakage signal from the transmit aerial through a piston attenuator to the

receive aerial. The attenuation was found to be 70.7 dB which is satisfactory.
The altimeter indication held off at 5,000 ft. plus at altitudes above 10,000
ft.; also after being switched off and on agnin the altimeter re-locked at over
7,000 feet. Both these results indicate a low leakage level.

5.6.3 Release

C.A. release is recommended for the ilk. 5A radio altimeter
within the accur-cy liUaitations of + 3% of height ± 5 feet and on the condition
that reliance is not placed on the equipment readings below 50 feet.

5.7 Blue Silk

The Blue Silk functioned normally throughout the trials. Some
unserviceabilities occurred but no problems were encountered in obtaining useful
doppler information after routine servicing. C.A. release is recommended by
analogy to the Phase 2 installation.

6. Tactical Eauiments

6.1 ASV21~

This equipment is un-ltered by the Ph:so 3 modernisition so releas" is
reconvitended by analogy to the Phase 2 -ircraft. The ASV 21 was used
frequontly and behaved normally,

6.2 I.F.F. Mk. 10 (S.I.F.)

The I.F.F. installation is essentially the same .as in the Phase 2 fit. .

The aerial cable lengths are grenter than the preferred 30 ft. but the equipaent Y
worke..nozmally. Release is recommended by analogy. /3..16. ....3
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6.3 Orange Harvest

The installation of the Orange Harvest is physically similar to that on
tho Phase 2 aircraft and is adequate. Perforw:,ance is unsatisfactory because its
operational efficiency is impaired by the equipment's incompatibility with other
radio equipments on the aircraft (see Appendix II). C.A. release can only be
recom~ended on the understanding that Orange Harvest will only perform at its
best under conditions of radio silence.

6.4 i

C.A. release is recommended by analogy to the Phase 2 fit. It is
noted that this obsolescent equipment is now to be removod.

6.5 . Twin Sonobuoy ik lC with Homer

6.5.1 Installations

The installation of the Twin Sonobuoy 1C system is adequate
including the new forward aerial, The radiation patterns of this aerial (Figures
7 - 10) indicate that its performance matches that of the existing aerial. It
does not conform to Specification RAE/XRSP 3381 in that there are excursions in
thu pattern greater than 2 dB from the head on aspect, but acceptance of this is
r ecommended in view of the practical results obtained. The Sonobuoy Homer and
Homer liolet Picture Switching Installations are analogous to the Phase 2 fit; the
aerial installations continue to be unsatisfactory as exemplified by the failure
of both aerials under moderata icing conditions in flight.

6.5.2 Performance

Flight trials were carried out against the Stage II trainer
at R.A.F. Ballykelly with the assistance of the Air Sea Warfare Development Unit.
Runs were made against patterns of active and passive buoys as shown in the table
below. Equally good signals on both equipments were received at ranges over
20 nautical miles at an altitude of 1,000 feet. There was no loss of infor-
mation attributable to the airborne inst!llation except for a routine fault in
the Doppler unit of the ivaster Indicator.

Run Channel Monitor Ch2annel * jonitor Channel ?."onitor

Mastex both Second.
1 2 Active or 11 Passive B 16 Active or

Second Byctive aste-

2 114 Active m aster 11 Passive b  out o 16 Active Second, range

3 14 Active Second 11 Passive 16 Active Master- ... ,I° ...
Master 'A' I

4 6 Passive and 7 PassivejSecond 'B' 9 Passive IMster 'B'
Second 'All

SE..E /6-53 . V
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*6.5.3 Release

C.A. release is recoamnended for the sonics system" ecept for the
homer aerials, but it is recoi,.Zaended that further investigations be made into
the susceptibility of the sonics receivers to H.F. harmonic interference (sea
Appendix II). The homer aerial fault is well known and must be rectified without
delay.

6.6 Tactical Position Indicator

6.6.1 Som e difficulty was experienced with both the installation and
operation of this equipment. The installation problems are listed in Appendix
III and are primarily due to either insufficient or inconsistent information in
the various wiring diagrams. These difficulties were overcome by A. & A.E.E.
after consultations with representatives of Bell Punch Ltd. and Hawker Siddeley
Aviation Ltd. As a result of these consultations, amended drawings are being
prepared and the problems should not recur with later production aircraft.

6.6.2 Two problems with the system's operation were encountered
during C.A. release trials at Boscombe Down and a third problem Was reported by
A.S.W.D.U. personnel during a visit to R.A.F. Ballykelly. The difficulty
encountered by A.S.W.D.U. occurs after turns or manoeuvres. when the operation of
the unstore motors causes a noticeable position shift in the G.P.I. 4k. 1C.
This difficulty is the subject of a separate report being prepared by A.S.W.D.U.
and is inherent in the present design of the T.P.I. system. Its effect on
tactical operations can be minimised by operation of the system in the air data
plus remembered wind mode and its occurrence does not affect C.A. release
reconmvendations for the Shackleton ivik. 2 Phase 3. Operational experience may
however, indicate that some later modification of the systera is required.

6.6.3 Df the two operating faults encountered at Boscombe Down, the
first is a purely mechanical fitting problem and should be easily rectified.
It consists of intermittent loss of heading drive to the G.P.I. iiik. 4C especially
during turns and manoeuvres. This is caused by poor connections between the
G.P.I. Mk. 4C and the plug and jicking plate, and is a result of the method
employed to secure the G.P.I. Aik. 4C in its mount. This consists of a locking
device which holds the bottom of the G.P.I. i.3t. 4C firmly against the bottom of
the plug ard jacking plate. The electrical connections between the two are,
however, situated at the top of the plug and Jacking plate and, during occasions
of aerodynamic stress on the aircraft, sufficient separation to cause loss of
contact occurs. The simplest solution to the problem is to provide some form
of auxiliary 'C' type cl-ap which would lock the top of the G.P.I. M.k 4C to
the top of the plug and jacking plate although any device which ensured con-
tinuous and positive contact would be acceptable. This problem was also encoun-
tered with the Mk. 3 Ph-se 3 aircraft, but since the plug and jacking plate
installed in the T.I. aircraft (WR 974) for that trial was of pre-production
standard, the installation was recommended for clearance with the understanding
that the fault would not be repeated on production items. It is recommended
that, as an interim :-eisure, the equipment should be released for use but that
the operators should be warned of the possibility of heading loss in turns.
For a final release of this equipment it is considered essential th-t design
changes to allow more positive locking of the G.P.I. Mk. 4C to its plug and
Jacking plate be introduced,

/6.6.4
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6.6.4 The second problem encountered at Boscombe Down during the
C.A. release trials of this equipment is the tendency of the wind unit
indicator needles to run off to full scale deflection when "fast needle"
is selected. This tendency was dependent on the quality of the Blue Silk
inputs, being most pronounced during periods of weak and noisy doppler
responses. Some "trade-off" between rnpid response of the needle and
stability of reading is no doubt essentiil in the design of the damping
circuits for this unit, but since the oper7-tional role of the aircraft involves
almost continuous flight over open water where doppler responses are
notoriously weak and noisy, a slower response, maore consistent with the
quality of doppler inputs likely to be encountered, would be an operational
advantage. No difficulty was encountered in the "slow needle" position and
C.A. release recommendation for the Shackleton '1k. 2 Phase 3 is not affected
by the difficulties encountered in the "fast needle" position. Some adjustment
of the damping circuits may, however, be required to meet the needs of operational
users of the equipment.

6.6.5 Tactical evaluation of the T.P.I. did not form part of the
C.A. release trials of Shackleton IN3 556, but some indication of the accuracy
to be expected during en-route navigation was obtained by the amount of re-
setting required to update the position computed by the G.P.I. M1k. 4C. This
averaged between 3 and 4 miles an hour during some 15 hours flown with the
T.P.I. fitted;

6.7 Autolvcus Mik. 3A

Autolycus traces were obtained during the airborne compass swings. No
difficulties were experienced in setting up the equipment and strong signals
were observed downwind of built up areas.

7. Headina Reference System

7.1 Experience with the Shickleton ,, k. 3 Phase 3 indicated a number of
anomalies in the twin G.M.7 compass installation and, as a result, an extensive
check of the installation in Shackleton .k. 2 Phase 3 WG 556 was carried out
during the C.A. release trials. This investigation revealed that the problems
encountered with the ik. 3 - divergence between the two systems in the air,
magnetically unclean wing structures, galley interference and minor instability
in the coefficients masured during compass swings - were also present in the
Wlk. 2 inst3llation.

7.2 Divergence between the two compass systems in the air on VG 556
amounted to 1.360 + 0.050. This vnlue is very close to that found on
Shackleton lik. 3 Phase 3 WR 974 (1.40) and suggests that the behaviour of the
system in the ,k. 2 is very similar to that in the .ik. 3. If further
investigation reveals that a similar divergence is common to all Shackleton
aircraft the problem can be alleviated by either offsetting the A coefficients 4
by 0.70 during compass swings, or by setting a false value of variition in the
air. Either action will ensure thit the compasses read correctly in the iir,
but because offsetting the A coefficients his only to be done during ground
cotpass swings and requires no adjustments in the air, it is less subject to
operator error and is, therefore, to be preferred.

/7 ...
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7.3 The second problem, that of magnetically unclenn wing structures can
only finally be resolved by providing sufficient separation between the
detector unit positions and portions of the wing structure made from ferrous
materials to yield detector positions that will remain within Av. P. 970 limits
regardless of inadvertent magnetisntion of wing components. It is recognised,
however, that such a solution might be Vapracticable for structural reasons
and that the more temporary expedient of degaussing the wing structure in the
vicinity of the detector units may have to be adopted. It should be emphasised,
however, that if the temporary solution of degaussing is accepted, the compass
swinging intervals specified in D.C.I. S89/65 and D.C.I B32/65 should be
adhered to closely and special care should be taken in checking the system after
flying through conditions of high electrical activity. If these precautions

are taken, no excessive operational problems are likely to arise from this

source.

7. Galley interference problems in Shackleton Mik. 2 WG 556 did not appear
to be quite as severe as those found in Shackleton Mik. 3 VR 974. The amount
of interference experienced with all galley services on and the rapid boiling
urn in operation did, however, amount to 0.30 (Appendix IV) a value which is
slightly outside the limits specified in Av. P. 970. If double pole wiring
such as that installed in WR 974 during the post Phase 3 electromagnetic
studies reported by H.S.A. in their technical memo ARD/R/696/0101 is provided
for Mk. 2 aircraft, the galley effect on the G.i . 7 should be reduced to an
insignificant amount.

7.5 The fourth problem - that of unstable magnetic coefficients was the
subject of an extensive investigation. This consisted of two detector position
surveys carried out by Adniralty Compass Observatory (A.C.O.), eight ground
compass swings and two airborne compass swings. On the first of the detector
position surveys (Appendix V), a number of ferrous nuts and bolts were found in
the vicinity of the detector position. Because these caused the positions to be
well outside the limits specified by Av. P. 970, they were replaced by items of
a non-ferrous nature before the second detactor position survey. In this survey,
(Appendix VI), the positions were still marcixally outside Av. P. 970 limits
but since no specific source of the difficulty could be traced, it was decided
to proceed with the system investigation and to leave further position survey
work until a more thorough investigation of Shackleton wing structures could
be carried out by A.C.O. After thu second detector position survey, the detector
units were replaced and a normal ground compass swing carried out. An airborne
compass swing and other trials work were then carried out with no alteration
being made to the remote corrector voltage settincs. One month later, after
the completion of the remainder of the trials work, a series of six ground compass
swings under various conditions and a second airborne compass swing were carried
out, again with no alterations boin- made to the remote corrector voltagos.

7.6 The results of all magnetic compass swings on Shackleton tik. 2 Phase 3
Vi3 556 are sum.:arised in Appendix VII. These show, for the siven ground swinos
which were carried out with no alterations to thi remote corractor unit voltages,
a Iovariation of 0.160 in the B and C coefficients and a lavariation of
0,094 in the D and E coefficients. The statistical difference between these
vlues amounts to I0.162 -0.092 = 0.130 (lo) and indicates that . cyclic error
of this quantity affects the m.:'suremont of compass deviation in the Shackleton
G.Mi. 7 installation. There are two likely sources of a one cycle error in the

/G.M. 7
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G.M. 7 system - variations in remote corrector unit voltage and transmissibh
system errors. Regular measurements of detector unit voltages (Appendix VIII)
were made throughout the qwings and although these showed some slight fluctuation,
their amplitude was so small as to be the possible result of parallax in reading
the voltmeter and in any event was far too small to account for the variations
in coefficients encountered. It therefore appears most probable thc-t most, if
not ll, of the variation in coefficients can be accounted for by a one cycle
transmission system error. Since the transmission system of the G.M. 7 includes
synchro components rated (1a), at 0.110 this result is quite compatible with the
maximum accuracy that can be expected from the system and should cause no
misgivings when encountered. The effect of this variation plus normal reading
errors is to produce a probable error of 0.170 in any individual compass reading,
a value that is considerably wmaller than the likely error in the charted
values of magnetic variation and which, as a result, will have an insignificant
effect in the overall navigation system error.

The investigation also revealed that tapping the detector unit during a
swing will decrease the probable errors calculated during n Fourier reduction
of the heading data. However, tapping will not affect the closeness of the
coefficients determined on a particulir swing to the mean of those found on a
series of swings and is therefore not recommended.

7.7 As a result of the trials work described above C.A. release of the
G.M. 7 compass installation in the Shackleton ijik. 2 Phase 3 is recormaended
subject to user units being made aware that:-

(a) A discrepancy of about +0.70 in the number one system and -0.70
in the number two system occurs between the A coefficients found
during ground compass swings and thoso that will be encountered in
the air.

(b) Until modification of the aircraft's electrical system to
provide double pole wiring to the galley is iccomplished, deviations
of about 0.30 may occur during operation of the rapid boiling urn.

(c) Aircraft magnetic coefficients outside Av. P. 970 limits are
possible because of furrous materials in the wing structure. For
this reason, the compass swinging intervals specified in D.C.I. s89/65
and D.C.I. S32/65 should bv adheid to closely.

(d) Coefficients measured during compass swings can show a 1 a
variation of about 0.130. This is mainly the result of transmission
system errors and is quite normal.

7.8 P.12 Standby Compass

A magnetic survey and interferencQ check wrts carried out on WG 556 it
Langar prior to its delivery to A. & A.E.E. (Appendix IV). This showed that
the P.12 compass position was within Av. P. 970 limits, but that changes of
deviation outside these limits occurred when large elvctrical loads were imposed
on the aircraft system. This is similar to the situation that existed with
IR 974 the Mk. 3 T.I. nircraft prior to the re-wiring reported in H.S.A.
technical memo ARDA/696/OOl. Because this re-wiring reducwd the deviation
changes on WR 974 to acceptable values, re-wiring of WG 556 and subsequent
Nik. 2 aircraft to the stand2rd of VR 974 is recommended.

/8.
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8. Inter-eauioment Compatibility

8.1 There are a number of incompatibilities between oquipraents. Those
found on the ground trials are summarised in Figure 15. Those remalining during
the airborne compatibility tests arre detailed in Appendix II. The ASV 21,
Blue Silk, Radio Altimeter 5, STR 18B and I.F.F. 10 were free of interference.,
The Gee 3, I.L.S., Loran, Radio Compass and Tacan were only subjected to slight
interference from other equipments.

8.2 Heavy interference is c used by Blue Silk in the ,i.F.AH.F. receiver
AD 118. The sonics receivers are particularly susceptible to H.F.- interferonce
and the Orange Harvest is highly prone to interfwrende from Blue Silk, V.H.F.
AD 160, Tacan and ASV 21. Investigation is recommended into the interfering
properties of Blue Silk and into tht susceptibility of Orange Harvest ind the
Sonics system to interference, The latter is particularly important in view of
the future use of the Sonobuoy ik. IC systevs in the HS 801 containing a h.gh
power H.F. transmitter.

8.3 Considerable but predictable interference was observed under certain
conditions on Sarah, U.H.F. and V.H.F.

9. Arrangement of Positions nnd Egguiment

9.1 Radar Operate

The radar operntor's position is adequate.

9.2 Sics

The sonics operator's positions are adequate.

9.3 Radio Operator

A bonded cover is required for the exposed potion of the trailing
nerial (see Appendix I). The remainder of the position is very crnmped but
adequr.te for the purpose.

94 Routine/Attnck Navioator

Because there is considernblw diffigulty in reaching the compasses,
Tacan and Blue Silk equipments from thg Routine/Attack nnvig.a.tor position,
routine navigation is only just possibl. from this position. Soiae of the.
switches on the Aranment Selection Panel 6re beyond the reach of anyone strapped
to thu seat and can be comfortably rea:chud only from a semi-standing position.

9.5 Tacticil Navioator

NO indication is provided to wrn the operator wien the compasses Ire
operating in the D.G. mode. Since, in the event of n D.C. power failure, this
can occur regardless of the positign of the cpntrols some such indication is
required, In.,addition the frequency selector di.l of the radio compass can
only be read from a semi-stinding crouched position. Apart from thes, :
difficulties the position is ..dvqunte.

/9.6 ...
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9.6 Optical Plottino Table .

This installation is identical to thnt in the iIk. 3 Phase 3 ircraft.
Apart from a functicnnl chock out by A.S.W.D.U. personnel, no further
evaluation work was c~rried out during the iik. 2 Ph-so 3 triil. During thu
sonics evaluation at Ballykolly it wns found that the tinster/Scond projuctor
switch was eo:sily knocked over; it is rocomzamndod that a guard is placed to the
right of thu switch to prevent this.

9.7 Pilot's Compass iode Indication

No indication is given on the pilot's compass repeaters that the
compasses are function in D.G. imode.

5.8 iinin Eauipment Shelf

The radio equipment liyout in this shelf is included in Appendix I.
The positions of the G.M. 7 amplifier nnd P.S.U. ricks are such that the
components in the front rack control the master indicator at the roar nnd
vice-versa. Unless these positions are clearly lnbld with the numbers of
the systems to which they refer, this arrangement cnn lead to considerable
confusion during compass swings.

1. Temperature Limititions

Limited temperature measurew,)nt work was carried out on MG 556. Full
trials are being carried out on iJL 737 3t Hawker Sidduley Aviation. Until
these results 3re available i reco endation for an upper temperature limitation
cannot be made. The indications are that thQ ircrtft environment is very similar
to the mark 3 Phase 3 which was recommended for release up to 420C Outside Air
Temperature. Therufore the releases referred to in this report ire for temperate
conditions only.

11. Conclusions and Recomnendtlons

11.1 Temperate C.A. release is recommended for all thv equipments listed
in paragraph 1, subject to the criticisms and limitations contained in pnxr graphs
5.6 Radio Altimeter Mk. 5A; 6.3 Orange Harvest; 6,5 Twin Sonics System-
6.6 Tactical Position Indicator! 7. G.;.. 7 Compass and 8.2 Incompatibilitius.

11.2 The following recommenditions should be Implemented in thQ interest of
efficiency ind safoty.

(a) The exposed pirt of the trailing aerinl in the radio
operator's position should be covred (para. 9,3 and
Appendix O)o____

(b) Indicitions should .be provided to show whun compasses
are in D*G* iaodQ (par. 9.4 and 9.7). E ssential

A(c)
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(c) Ak. 2 Shackleton aircraft should be re-wired to th: standardoutlined in H.S.A. Technical riemo ARD/R/696/Ol Jpsriaj 8)

(d) Accessibility of Armament Selection Switches should be
improved (pari. 9.4). - Highly Desirable

(e) The visibility of the frequency selector dial on tho AD 712
Controller between the n: vigntion stations should be improved
(para. 9.5). - Desirable

(f) The aster/Second projector switch should be guarded
(para. 9.6). - Desirable

11.3 Investigations into the following are recommended:

(a) The susceptibility of Sonobuoy Ivik. IC receivers to H.F.
interference (para. 6.5.3 and 8.2).

(b) The susceptibility of Orange Harvest to interference.

Circulation List

External

D.(R.A.F.)C. I Copy
D.A. Nay. I Copy
D.L.R.D.A. I Copy
A.D.(R.A.F.)C. 2 Copies (for iulormation of

D.P.O.)
A.D.(Nav.)i 2 Copies (I for Action)
Nay. 1(a) I Copy
A.L.IO 2 Copies (1 for Action)
R.D.T.3 1 Copy
T.I.L. 50 Copies
R.A.E. Farnborough 6 Copies
R.A.E. Bedford 2 Copies
Admiralty Compass Observatory I Copy
R.T.O. H.S.A. Ltd.,Avro Whitworth Divn. 2 Copies
R.A.F. College of Air Warfare
(Specialist Navigation Course) I Copy

Air Sea Warfare Development Unit I Copy

Internal

Chief Superintendent I Copy
Author I Copy
Supt. of N. & R. 4 Copies
Science Library 2 Copies
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Appendix I

-Radio Installations

1. Figure 1 shows the layout of the aerials of thu Phase 3 aircraft. The
layout of equipment in the main crew compazrtment is virtually identical to
the Mark 3 Phase 3 aircrnft ind photographs of the crew positions can b,
seen in the 1st Part of Report No. AAEE/866/4.

2. The positions of the Main units of the rndio equipments are as follows:

Nose Eauipment Crate

,4, ARC 52 Transmitter/Receiver TR 5
Tacan Transmitter/Receiver RT 220C/A1 21.

Tacan Coupling Unit T 9546
Violet Picture AF Unit T 9635
Violet Picture RF Unit T 11037

Sianallers Station

"1F6OI.F. Receiver AU 116

Naviaators' Stations

Intercom Amplifiers
Radio Compass AD 712 Receiver M2
Loran Receiver/Indicator R 65/APN 9
Gee 3 Indicator T 26

Master Sonics Station

Indicating Unit CRT T 13232
Sarah TR 8088

Secondary Sonics Station

Indicating Unit CRT T 13232
I.F.F. 10 TR 4585
Orange Harvest Indicator CRT T 16613

Radar Station

I.F.F. 10 (t.I.F.) Coder 6466
A.S.V.21 Indicator CRT 4623

Main Eauiment Shelf (reading fran fomnnr B to former 15)

I.L.S. Glidepnth R1965
I.L.S. Localiwer R1964
V.H.F. Trnsmitter 6400
V.H.F. Ructver 6401
Gee 3. Wavefora Generator T72
Gee 3 Receiver R.3673
I.L.S. Voltage Regulatoi T.60
SIR 18. Power and Radio Unit 4192
STR 18. Voltage Regulator

i...
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Main Eauipment Shelf (reading from fomer B to former 15) (Contd.)

STR 18. Transmitter Unit 4188
STR 18. Control Unit 4243
STR 18. Aeri3l Tuning Unit 7180
Sonobuoy Power Unit. 13378
Sonobuoy Power Unit. 13378
Sonobuoy Receiver 'A' 13031
Sonobuoy Receiver 'B' 1V31
Sonobuoy Amplifier 11144
Sonobuoy Filter Unit 13402
Sonobuoy Homer Comparator 7968
Sonobuoy Filter Unit. 13402
Sonobuoy Receiver 'A'. 13031
Sonobuoy Amplifier 11144
Sonobuoy Filter Unit 13402
Sonobuoy Receiver 'B' 13031
Orange Harvest iMixer Unit 9098/9
Orange Harvest Oscillator 9100/1/2
Orange Harvest Amplifier 13049
Orange Harvest Amplifier 7450

Under Rest Bunk

Orange Harvest Receiver R9982
Orange Harvest Power Unit T9986
Orange Harvest Power Unit T7495
Orange Harvest Power Unit T7824
Orange Harvest Power Unit T7496

Rear Compoa tnt

ASV 21 Wiveform Generator 4621
ASV 21 Power Unit 4624

ASV 21 Transmitter/Receiver 4626
ASV 21 Scanner 4627
ASV 21 Modulator 4625

T.ail Comartment.

Blue Silk Tracking Unit (AMp) 4356
Blue Silk Tracking Unit (Discriminator) 4357
Blue Silk Power Unit 4358
Radio Altimeter Ak. 5A T 1576A
Radio Altirater Power Unit 814

3. CoQments on Tnstallations

The above mentioned aerial and equipment installations are adequate
except for the trailing aerial at the Signaller's Station. There is 12 - 18
inches of exposed nerial c-iblo in a position whor it could eisily be touchedby the operator. Because of the dinger of 'static' shock and possibly lightning
strikes, this is a flight safety h zard ind it is considered essential that
. bonded cover be fitted over the exposed part of the ierial cable. It has
also bean foend thit the sxtai irt uis w)ff th.. oull-.y evsly.



Appendix II

Radio Comp tibility

1. Introduction

;,Jutual interference checks worv carried out on C 556, jointly by
Hnwker Siddeley Aviation and A. & A.E.E. at Langar. Both ground and in-flight
tests were involved. Figure 15 summarisos th: interferences experienced on

the ground. The tests on the radio equipment were made on calculated and randoa
frequency combinations.

2. Interference-free Eauipoents.

The following were clear of interference from other equipments in the
aircraft.

ASV 21
Blue Silk
Radio Altimeter ;jk. 5 (sik. 5a not fitted until

A. & A.E.E. trials)
STa 18B
I.F.F. 10

3. EauiDments with Slight Interference

3.1 Gee 3

Transmissions from STR 18B and ASV 21 (not in-flight) caused slight
interference but signal information was not degraded.

3.2 I.L.S.

Slight localiser interference was experienced on a few frequency
combinations under no I.L.Sb signal conditions. Comon channel interference
occurred between the U.H.F. and the glidepath receiver on 327 to 336 lc/s.
No interference was noted then the I.L.S. was locked on to ground signals during
landing approiches.

3.3 Loran

There was some increase in receiver noise when ASV 21 was transmitting
and also a very slight -mount from the H.F.

3.4 Radio Compass AD 712

The audio was affected slightly by STR 18B on curtin frequency
combinations but there was no deterioration in A.D.F. performanco.

3.5 L cn

Audio interference arose from H.F. and U.H.F. but bearing and

distance information was not degraded.

/4. 4
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4. Ecuiments with Considerable Interferenc,

4.1 M .F.AH.F. Recoivor AV 118

Heavy interference from Bluk Silk was experience d at approximately
25 Kc/s. intervals throughout the bands of the receiver. Also some arosa
from ASV 21 and slight amounts ca m from c,.rtain V.H.F. frequencies and
from I.F.F. 10.

4.2 Oranqa ,arvest

Heavy audio ind visual interfirenc wis caused by Bluo Silk on
Narrow band and sometimes on oide band. V.H.F. transmissions caused short
traces to appear in the Narrow band function. Tacan caused untun-ble audio
and visual interference and ASV 21 caused considerable audio and some visual
interference on both Narrow and Wide binds.

4.3 Twin Sonobuov ik, IC

The two equipments were much the same in their susceptibility to
interference. H.F. transmissions on certain frequincy combinations caused
quite heavy audio and visual interference. It his been shown that this is
caused by direct aerial to aerial coupling of H.F. haztaonics- Slight inter-
ference from U.H.F. (mainly upper aerial) occurs on certain frequency coma-
binations.

4.4

As expected U.H.F. transmission on and near the distress frequency
caused considerable interference. Coi.iplete blotting occurs between 235 and
245 Mc/s. and traces of up to -1 inch occur between 225 and 265.5 .c/s.
Similarly, because of its second harmonic, V.H.F. t.-ansmissions between 118 and
127 ivlc/s. cause varying degrees of interference.

4.5 U.H. . ARC-52

Heavy interference, especially on the upper U.H.F. aerial, occurs
due second and third hainmonics of V.H.F. trnnsmissions. Slight interference
was experienced from Blue Silk on 250 iic/s.

4.6 V.H.F. AD 160

H.F. transmissions on certain frequency combinations cause moderate
interfornce. Therc was some inturferenco from U.H.F. which was more
pronounced vhen the latter was keyed with the tone switch.

4.7 Intercomm I
Slight breakthrough w-s experienced from the V.H.F., AD 118, U.H.F.

and from No. 8 inverters No. 4 inverter gave rise to a very slight whine.
Numbers 5, 6 and 7 inverters caused considerabli interferenco especially
when th. ASV 21 was on load but this was cured by re-routing of ciblos.



Appendin III

ystom F.-ultg Eound on a pietion of CoRn on nt
Fit at A. & A.LE.

1. Reversed heading sense on G.P.I ... k. iC with Wind Unit in A.P.I. mode
of operation.

To correct this, connections to terminals 8 and 9 identod %K.2K, SK.2 i
respectively, on T.B.823 A.D.R.I.S. Junction Box were interchinged.

2. No E/W information on G.P.I. Mk. IC or G.P.I. 0 ik. 1B with Wind Unit in
G.P.I. mode and G.P.I. Junction Box selected to A.R.I. 5885. The G.P.I.
M|k. 4C E/W transmitter brushes were found to bu burned out. Coincident with
this the G.P.I. Junction Box E/i repuLtr motor was jamming.

G.P.I. Mk. 4C E/W transmitter replaced ind a now G.P.I. Junction Box
fitted.

3. Wind Unit N.S. counter reset and wind set knobs jamming. Instrument face
found to be distorted. Rectified by Bell Punch Ltd.

4. With the foregoing faults rectified, the G.P.I. ilk. IC still appeared
to function incorrectly on E,/W and N/S with ',:.ind Unit selocted to G.P.I. mode
and G.P.I. Junction Box switched to A.R.I. 5885 but this was resolved by
A. & A.E.E. and Bell Punch Ltd., and thu system functioned satisfactorily.

Sumary

Some difficulty was experienced in fault diagnosis on the system due to
misleading information contained in A.P.1275B Sec. 16A regarding data outputs
of the G.P.I. lB nnd that H.S.A. drnwing V.12310 implies pin to pin looming.
Distortion of the Wind Unit face fnd frequent loss of G.P.I. Ilk. 4C output
information con be attributed to the generally unsntisfactory method of
securing these units in their respective mountings and in the case of the
GeP.I. Mk. 4C to the eloctrical connoctions.

Items Installed on Arriva-l Items Installed by A. & A.E.E.

G.P.I. Mik. IC Wind Unit i.ik. 1
G.P.I. iMk. IB r.P.I. Mik. 4C
G.P.I. ivik. 4C Amplifier Surface i%,oviennt Corrector
A.P.I.
A*A'4.U.

Wind Unit Amplifier

SEMET



Aooendix IV

Shackleton :ark 2 14, 556 - i;iaanetic Intorference Sujpey

1. A magnetic survey of a Phase 3 nodifiod Shanckloton iark 2 No. 'm 556
was carried out at Langar on the 1st and 2nd September 1965.

2. As the calibrated survey corapnsses were not nvilbli, the corrector
voltages of the G.M. 7 cor;pass systems were z,roed using a Precise Heading
Test Set (P.H.T.S.) and the P.12 corrector box was removed. A 12-point swinc
was carried out using i Wa.tts D- tuw compass ns a reference. The following
coefficients were obsorved:-

aiain Compasa Systam

Port Compass System Starboard Cnpass Systum

B -0.58 C +0.12 B -0.31 C -1.00
D -0.16 E +0.23 D +0.02 E +0.07
Standard Deviation B-E + 0.04 Standard Dvvi-tion B-E +0.14

These coefficients are within Av. P. 970 limits; however since they include syst'nr
coefficients, it will be necessary to repent the swing it Boscombe Down using
calibrated survey compasses nt the detector unit position.

P.12 Compass Position

B +0.17 C +0.54
D +0.23 E2-0,01
Standard Deviation +0.21

These coefficients are within Ave P. 970 liwits.

3. Compass interference chicks wore carried out on 4 h.endings 45 dogrees
apart on external supply and with the :nginas running. The following services
ware operated singly and in combin.tions during this chuckt-

Inverters, g-.lley equipment, Ticnn, A.D.F., H.F.1, H.F.2, U.H.F., V.H.F.,
Orange Harvest, Loran, G"e, Blue Silk, I.F.F., Sarah, Sonics, I.L.S.,
Ridio Altimeter, A.S.V21, extarnnl lights, nutolycus, pitot heads,
intercomm, boosters, do-icing, generators, inte.rnil lights, radio
cooling fan and cibin heater pumps.

4. Changes of deviation outsid,) Av. P. 970 li ,its werv observed on the racin
compass systems on operation of the following services:-

(a) Up to 0.3 degrees on a northerly hending from operation of

the galley, mainly due to the water heater.

(b) Up to 0.5 degrees when the tixy lJmps were initi-illy switched on.

A change of deviation of up to 0.2 degret.s was observed on the starboard systsa
when thv landing lamp was switched on.

/5.
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5, Changes of deviation outside Av.P.970 limits were observed on the P.12

compass on operation of the following services:-

galley, maximum D.C. load, engines running with generators on line.

The observed changes in degrees were:-

External Supply

Service On N (35b) NE (047) E (091) SE (l13)

Galley -6 +5 +12 -ii

Maximum D.C. load
without galley -5 +2 +10 + a

The effect of a maximum D.C. load plus galley could not be determined, as the ground
power unit tended to cut out when the maximum load was selected.

Envines Running

Service N (000) NE (044 E (089) §E (135)

(a) All engines running 0 -3 -7 - 5
and generators on line

(b) a + selected in-
flight load without +4 -4 -15 -17
galley

(c) b + galley +3 -7 -18 -18

No significant differences were observed when various generators were taken
off line with and without a load selected.

6. It is reccmended that action be taken to:-

(a) todify the galley wiring to reduce the co:npass interference on
the main compass system. This ,odification should also improve
the P.12 compass position.

(b) Investigate and reduce if possible the large changes of deviation
observed on the P.12 compass.

/7 ...
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7. It is considered that when using the Precise Headint Test Set during a
calibration in service, a certain aount of confusion may be caused since the
rack mountings are not labelled. In WG 556 the amplifier marked F in pencil
(presumably forward) was pazt of No. 1 port system, and the amplifier marked
B in pencil (presumably back) was part of No. 2 starboard system. The i ,aster
Indicators of the two systems are positioned with No. 2 starboard system to the
forward of the aircraft. It is recommended that the rack mountings be correctly
labelled in the same way that the ..aster Indicators and Control Units are marked.

8. The attention of A. & A.E.E. is drawn to the fact that the starboard
compass system in this aircraft appears to be unreliable during a swing.
Evidence of this is provided by the high standard deviation of the swing
on the starboard system (:0.36 degrees) compared to that on the port system
(±0.09 degrees). It might be worthwhile carrying out a swing using No. 3
inverter to provide power for both systems. This will provide an indication

whether the fault lies in the compass system or in the power supplies.

from Director General, Weapons (Naval).

I'



Apoendix V

Shackleton i;iark 2 VG 556 - ivianetic Survey No. 1

1. A visit was made to Boscombe Down on the 22nd September 1965 to complete
the magnetic survey of a Shackleton ,.ik. 2, No. M 556.

2. The port and starboard compass detector units were replaced by calibrated
survey compasses, and a 16-point swing carried out using a Watts Datum Compass
as a reference. The following coefficients in degrees were observed as being
caused by the aircraft structure:

Port Detector Unit Posltion Starboard Detector Unit Position

B - 0.02 C + 0.07 B + 0.21 C + 0.22
D -.0*70 E + 0.52 D - 0.00 E - 0.26
Standard Deviation B-E 10.04 Standard Deviation B-E +0.03

Coefficients D and E at the port detector unit position are well outside
Av. P. 970 limits, and coefficient E at the starboard detector unit position
is marginally outside.

3. On examination of the detector unit positions it was found that:-

(a) At both detector unit positions, the bolt holding the clip on the
detector unit cable about 8" aft of the detector unit was made of magnetic
material.

(b) At the port detector unit position, the anchor nuts holding the
detector unit bracket and the airframe were very magnetic.

4. It is recommended that the firm ensure that the drawings call for non-
magnetic items in these positions, and also that the firm's inspection depart-
ment ensure that only non-magnetic items are fitted.

5. It is essential that an aircraft with these items made of non-magneticmaterial
is available for assessment as soon as possible. The aircraft No. G 558
currently on assessment at A. & A.E.E. should be modified as soon as possible
so that the current trials programme is not prejudiced. Arrangements for
further surveys should be arranged through !,i.O.A. (Nay. 1(b)) so that the work
can be fitted into the existing programme.

(J. HOWARD)
for Director General
Weapons (Naval)

SECRET



Appendijx VI

Shakleton Mark 2 ,G -556 - Mcanetic Survey No. 2

1. A visit was made to Boscombe Down on the 20th October 1965 to carry out
a further swing of a Shackleton 1.k. 2 No. VC 556. The magnetic material
found on the previous survey (reported in letter CD/15/3029/65 dated 1st
October, 1965) had been removed by A. & A.E.E. staff and non-magnetic items
fitted.

2. Both detector units were replaced by calibrated survey compasses and a
16-point swing was carried out using a Watts Datum Compass as a reference.
The following coefficients in degrees due to the aircraft structure were
observed:-

Port Detector Unit Position Starboard DetectoZ Unit Position

B + 0.19 C + 0.02 B + 1.63 C + 0.42
0 - 0.24 E + 0.46 D - 0.09 E - 0.30
Standard Deviation B-E +0.04 Standard Deviation B-E -.0.04

Coefficient E at both detector unit positions is outside Av. P. 970
limits, and coefficient D at the starboard detector unit position is marginally
within Av. P. 970 limits.

3. It is requested that this aircraft is made available for a further swing
at a convenient time in the current trials prograrivne. A search for magnetic
material will be carried out at the sale time, to see if the coefficients can
be brought within Av. P. 970 limits.

4. It is recommended that the firm ensure by careful inspection that Av. P.
970 requirements are met on production aircraft.

(R. W. WATSON)
for Director General WNeapons(Naval)

I



1Ay -,end ix VII
Shackleton 1:k. 2 Phase

SuzmaDr of Comas ins

1 *System No. 1 System No. 2

Date A B C D S F A B C D 2 Z-_

7 October 0 -0.31 +0.01 -0.85 +0.32 0.17 +0.33 -0.05 -0.07 -0.66 +0.14 0.24 Magnetic Material
Near D.U.S.

21 Ortober -0.02 -0.01 +0.29 -0.31 +0.23 014 +0.02 +0.06 0 -0.39 +0.03 0.18 Both Sy;utems No. 3
I nverter

22 November +0.04 -0.27 +0.48 -0.30 +0.09 0.16 +0.02 -0.32 +0.24 -0.51 -0.02 0.14 No. 3 Inverter -
Windy dV

22 November +0.18 -0.10 +0.56 -0.33 +0.07 0.19 +0,20 -0.04 +0.15 -0.41 +0.19 0.16 No. 3 Inverter -
UIndy d,,'

22 November +0.24 -0.08 +0.64 -0.25 +0.13 0.15 +0.16 -0.10 +0.07 -0.45 +0.12 0.17 No. I System No. 1, Inverter
No. 2 System No. 2 Inverter

27 November +0.13 -0.21 +0.15 -0.55 +0.05 0.11 0 +0.05 -0.08 -0.42 +0.07 0.11 No. I System No. 1 Inverter
No. 2 Sy..tem No. 2 Inverter
Calm Dey

27 November +0.32 -0.2' 9 +0.19 -0.25 +0.27 0.10 +0.19 +0.08 -0.13 -0.49 +0.12 0.11 No. 1 Sy:,tem, No. 1 Inverter
No. 2 System No. 2 Inverter
Cn3~m Dry

27 November +0.34 -0.25 +0.05 -0.17 +0.29 0.06 +.0@2 -0.04 +0.25 -0.35 +0.20 0.08 Detectors tapped
continually

Hean of last
7 sings +0.18 -0.17 +0.34 -0.31 +0.16 0.13 +0.14 -0.04 +0.07 -0.43 +0.10 0.14

13 October -0.10 +0.05 -0.47 -0.23 +0.08 0.22 -0.03 +0.17 -0.41 -0.31 +0.03 0.17 Air swing - correction of+0.70 tu No. 1 and-0.70

No. 2
25 November +0.01 -0.13 +0.20 -0.11 +0.26 0.25 0 +0.05 +0.20 -0.24 +0.23 0.27 Air owing - c irrection of

+0.70 to No. I and -0.70
No. 2

Mean of air -o.05 -0.04 -0.13 -0.17 +0.17 0.23 -0.01 +0.11 -0.,0 -0.27 +O.i3 0.22
swings

2. From the results tabulted above tio folloring infoimation was extracted:

(a) Thec Ia variation ofthe B an," C coofficients determined in the seven
ground swings about theAr mec nc is

;- 2  = 0.16

(b) The 1o variction of te corresionding D an4L Ej coefficient& about their
means is

0 . 090

3. In addition to the above, the squares of the difference between the
deviations measured on each heading amd their individual moans were"
summated to yield a 1o error of Z.A = 0.260 in any individual re-&ing.

11-12
This corresponds to a probable erroroof 0.170 in the Ccfass reading at any

Given time.
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- 2 - Appendix VII(Contd.)

4. Because the V.S.C. was re-set prior to each days work, comparison between
A coefficients could only be made between values found on the same day. For
these small samples, the 1 value of the variation between A coefficients was
found to be 0.110. Because of the smallness of the sample (4 x 3) no particular
importance-is attached to this figure except to note that it is roughly
comparable in magnitude to the variation in D and E coefficients and noticeably
less than the variation in B and C values.

5. No significant difference was detected between the results obtained with
both ystems running- from the same inverter and those found when separate
inverters were used.

6. Smaller probable errors were obtained in the Fourier analysis of results
obtained on a calm day than those found on a day of moderate vind, but there was
no significant lessening of the spread about the means.. The smallest probable
errors found during the swings were achieved by continual tapping of the
detector units during readings. The results of this swing were, however, no
closer to the mean than the results of several other swings and the probable
errors determined during Fourier analysis were completely misleading when

compared with the true differences from the means.

7. The air swings were accomplished by inserting a periscopic sextant mount
on a blanking plate affixed to the base of the astro-dome. As a result, the
readings obtained were affected to a certain extent by refraction caused by the
astro-dome. To provide room for the sextant operator's head it was necessary
to place the mount slightly off-centre to starboard, This offset had the effect
of increasing dome refraction effects-on fore and aft sextant observations.
Because the 13th of October swing was performed at approximately local noon this
caused the C coefficients to vary by about 0.5 0 from those expected from ground
results. The 25th of November results were obtained later in the day and with
the sun at a lower altitude. Under these conditions, dome refraction effects
were spread more equally between the B and C coefficients and are not so noticeable
in the results. Apart from the C coefficient discrepancy already mentioned, and
for a correction of +0.700 to the No. 1 and -0.700 to the No. 2 system for A
errors occasioned by wing flexure in flight, coefficients neasured in the air
agree within the bounds of the variations-outlined in para. 2 to those found on
the ground. This result indicates that the behaviour of the GM 7 system in the air
is very similar to its behaviour on the ground, and that swinging the compass
system on the ground and applying corrections of +0.700 to the No. 1 system and
-0.70 to the No. 2 system is an effective method of adjusting the compasses for
accurate performance in the air.

SI



Ap~endix VIII

Remote Covrector Unit VoltaQes i4easured Durinc Compass Swincs

1. Swing No. No. 1 System No. 2 System

21 October B + 0.22 C + 0.07 B + 1.73 C - 0.15

22 November - 1 B + 0.24 C + 0.06 B + 1.73 C - 0.13

22 November - 2 B + 0.23 C -- 0.05 B + 1.72 C - 0.17

22 November - 3 B + 0.23 C + 0.05 B + 1.72 C - 0.17

27 November - 1 B + 0.22 C + 0.03 B + 1.71 C - C.17

27 November - 2 B + 0.22 C + 0.07 B + 1.71 C - 0.15

27 November - 3 B + 0.21 C + 0.07 B + 1.72 C- 0.13

2. These readings were made using the voltr-ieter of the Precise Heading Test
Set. As a result, the second decimal place could only be determined by
estimation. Every effort was made to ensure that the conditions under which the
meter was read and the estimation perfoxned were as similar as possible, but,
because of the coarseness of the P.H.T.S. scale, some parallax error may still
have occurred.
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